Abstract-The anti-jam advantages of higher carrier frequencies for different applications and the necessity for wider information bandwidths have led system designers to look for operational frequencies above Ku band in order to support their next generation of communications satellite systems. The undesirable of characteristics of this band is that weather impact on signal attenuation and distortion on signal fidelity is a serious concern at frequencies above 10 GHz. This paper proposes a technique to achieve optimum signal quality when the impacts of weather attenuations have become significant. Our adaptive scheme is able to estimate these attenuations using predicted weather correlated database supplied by International Telecommunication Union-Radiocommunications (ITU-R) propagation models. The scheme is applied to gateway and ground terminal so that they collaborate to optimally control the channel characteristics. This paper describes a three dimensional relationships between rain attenuation (RA), frequency and rainfall rate (RR), and similarly between signal to noise ratio (SNR), weather attenuations and transmitted power. The relationships are exploited to develop an enhanced back propagation-learning algorithm that are used to iteratively tune the controller based on weather conditions and by means of SNR feedback values and other satellite parameters. The algorithm applied to a simulated model for activating the weighted Modulation/Codepoint control showed markedly improvements in ensuring optimal configuration settings and improved tolerance/safety margins for any given service level agreement (SLA) commitment.
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I. INTRODUCTION
Among the propagation impairments that cause attenuations in satellite network signals at high frequencies, rain attenuation (RA) is considered the dominant one. The severity becomes increasingly debilitating at the higher ends of the high frequencies [1] [2] [3] [4] [5] . Consequently, it is extremely hard to optimally manage satellite-dependent resources that are impacted by weather attenuations. And an effective technical solution to significantly improve the quality of service (QoS) would depend on an ability to properly identify, predict, and qualify the overall impact of significant attenuation factors.
A number of prediction models are available for estimating individual attenuation components. However, methodologies that attempt to combine them in a cohesive manner are not widely available. Authors of [6] present a statistical analysis for rainfall rate (RR) and rain fade data on satellite to ground propagation path. A method for RA prediction is proposed in [7] for low rain intensities. Based on statistical measurements at Ku and Ka bands, an empirical model is proposed in [8] to predict fade duration as a function of attenuation and frequency. In [9] , authors present prediction models for key parameters in case of low-margin, low elevation angle, geosynchronous, and low earth orbit systems used by Very Small Aperture Terminal (VSAT) systems, mobile, and personal communications applications.
In the absence of detailed knowledge of occurrence probabilities for different impairments, total effects are estimated using empirical techniques. Once the impairments are estimated, appropriate methods for mitigating impairments are invoked [9, 10] . Some of these include up-link power control, adaptive coding, antenna beam shaping, and site diversity.
Most of the work of estimating rain fade in satellite signals are limited to low RR case. To the best of our knowledge, mathematically sound QoS provisioning techniques for weather impact a satellite communications systems are currently not available in the literature.
Lately, the research thrusts in QoS over satellite links are shifting towards intelligent prediction methods. These efforts would deliver significant improvements in QoS if there was a way to correctly identify and predict rain-attenuation for any given path between two communicating terminals as shown in Fig. 1 . The effectiveness of the intelligent method could be further enhanced by computationally efficient techniques to predict parameters that affect the performance of communications systems and networks [8, 11] .
Subsequent to the proposed method in [3, 13] where a scheme for atmospheric attenuations was computed based on predicted database, an intelligent model that reacts to the quality of received signal by adjusting the inter-connected network entities, before problems in QoS actually maintenance manifest.
The core decision support system (DSS) as shown in Fig. 2 is developed with a set of predefined algorithms that are optimized to work at different parametric conditions and select algorithm to meet the requirements set by system control. A high level architecture for controlling signal attenuations uses the estimated This paper presents some advancements made over [3, 4, 13] . We could now derive the RA with respect to frequency and RR for any given location and propagation angle. In addition, we improve satellite signal propagation under different weather conditions by making use of RA in adjusting signal propagation parameters.
The remaining sections of this paper are as follows: QoS in weather impacted satellite networks is described in Section II. We described intelligent weather schemes for satellite networks in Sections III. In Section IV, we present the simulation results and discussions. Finally, we conclude this study in Section V with future work.
II. QOS IN WEATHER IMPACTED SATELLITE NETWORKS
This section describes a method of better estimating RA of satellite signals at high frequencies and proposes a method improving QoS in weather impacted satellite networks. RA is computed by a technique that uses International Telecommunication Union-Radiocommunications (ITU-R) models combined with bi-linear interpolation [14] at any location on earth, for a wide range of frequencies, propagation angles, and RR. The presented forecast of RA can be considered as an alternative to real-time data.
A. Effect of Rain at High Frequencies
RA is one of the most common, often misunderstood, and complicated phenomenon that affects satellite signals. Although not as critical in C-band, RA is of critical concern at higher bands. The diameter of a raindrop also plays a definitely detrimental role in the passage of Ku/Ka-band signals as shown in Table I . It is to be noted that Ku-band attenuation is approximately nine times that of C-band. Therefore, an ability to estimate rain fade plays an important role in our ability to minimize its impact on satellite systems [3, 5] . Signal fading caused by different weather conditions limit the QoS of satellite links and system availability. For example, with home satellite dishes, the loss of signal strength due to rain occurs when there is enough water in the atmosphere to completely block the signal, or more likely by the combination of water in the atmosphere and water on the dish. In order to prevent the loss of signal due to attenuation, satellite service providers transmit signals down with extra power in areas with extreme weather conditions. This extra power is called rain fade margin. On the other hand, in order to increase the transmitter's effective radiated power and to overcome the restriction of increasing transmission power -which is limited to a specific safety level -the fade countermeasure (FCM) system implement various countermeasures to increase system's throughput and availability [15] [16] [17] . Some of the main factors that can be controlled for better performance under sever weather conditions are: data rate, type of modulation, coding, frequency, signal power, and frame size as presented in the following section.
Satellite systems are impacted primarily by signal absorption and the scattering of incoming signal. By far, the greatest single event reduction in the power of signal is caused by rain. Since rain only forms in the troposphere which extends around fifteen kilometers above earth while satellites in geostationary orbit are 35, 800 km above earth, a signal traveling through a rain cell will experience attenuation during only a small portion of its transmission path.
In an experiment that took place at different U.S. sites for more than five years period with a focus on the effects of RA at Ku and Ka bands, fades of larger than 20 dB were observed at least 0.1% of the time in subtropical rain zones and 0.01% of the time in a dry rain zone [11] . The results proved that RA is considered a dominant cause for signal impairment.
Determining the specific factor that leads to attenuation is crucial in countering the effect of rain fade on a regional or individual site basis. This information helps in determining the correct antenna size needs, power level, etc. in order to counteract the effects of different weather attenuations.
B. Simulations and Analysis for Rain Attenuation (RA)
We estimate RA by using a set of functions and solving them for different satellite-location dependent values. The outcomes of these calculations would be dependable values of RA, which help the control system to gain an enhanced view of channel conditions.
In our methodology, we extract the RA from the following equations:
(1)
Rain Attenuation for Propagation Angle = 35º
Rainfall Rate (mm/hr) Rain Attenuation (dB) Frequency (GHz) Fig. 3 . Rain Attenuation at Iqualuit Station -Canada.
(3) Note that, RA is obtained by solving (1), (2), and (3) for different frequencies (f ) ranging from 0 to 50 GHz and RR (R p ) ranging from 0 mm/hr to the maximum applicable value. For your reference, the variables L E , γ R , and ϕ are described in [3, 13] .
This method allows for calculation of RA values for any desired location (X and Y ), for all frequency (f ), for any angle (θ), and for RR (R p ) as shown in Fig. 3 . Knowing this data then becomes an immense asset in budgeting operational parameters.
III. INTELLIGENT WEATHER SCHEMES FOR SATELLITE NETWORKS
An IS is necessary for optimal maintenance of signal to noise ratio (SNR) under bad weather conditions by adjusting tunable parameters like satellite signal power, transmission rate, modulation and coding schemes. In doing so, the IS relies on a broad set of general and specialized knowledge representations and reasoning mechanisms in the form of heuristic search and planning algorithms, formalisms for knowledge representation, machine learning techniques, and their association with tuning actions such as variation of signal level, modulation, and coding with different weather conditions at the location of its concern [15] [16] [17] .
A. Algorithmic Basis for SNR Calculation
SNR is a measure of signal strength for satellite signal relative to attenuations and background noise. In satellite communications, the most prominent contributors to noise are rain and free space. Here, it would be significant to note that a free space is space with nothing at all in it. This phenomenon does not exist in the known universe but interstellar space is a good approximation. The most important four features of free space are its uniformity everywhere, absence of electrical charge, no current flowing through it, and its infinite extent in all directions [11, 18] .
The estimations described in the previous section could now be used to adjust the signal parameters so as to improve SNR in Calculate the thermal noise power spectral density as:
where Boltzmann constant K = 1.38 · 10 −23 W s/K = −228.6 dBW s/K and effective noise temperature T = T a + T r , T a is noise temperature of the antenna as represented in Table II , and T r is noise temperature of the receiver represented as T r = (10 Nr/10 − 1) · 290, with noise figure of low-noise amplifier, N r ≈ 0.7 ∼ 2 dB. Thus, the ratio between signal and noise power spectral density is:
where A t (Total Attenuation) = A r (Rain Attenuation) + A 0 (Free Space Loss), such as A 0 = (4 · π · d / λ) 2 , where d is the distance between transmitter and receiver and the wavelength λ = c/f .
As E s (symbol energy) = C · T s = C / R s , where transmission rate R s (symbol/sec) is inversely equivalent to symbol duration T s , and energy-to-noise power density per symbol is:
where P t and P r are transmitter and receiver power, and G t and G r are antenna gain at transmitter and receiver sides respectively. It should be noted that the SNR estimation of (4) will be optimized by the virtue of having better estimation of A t through (7).
B. An Intelligent System (IS) for SNR Improvement
What IS offers in satellite communication is the control of signal characteristics (frequency, modulation, amplitude, coding, and transmission rate) in a manner that availability of links, SNR and system's throughput are improved. In this section, we propose a new type of IS that the said improvements are much noticeable compared to ISs that we have come to know thus far. The proposed IS was implemented in a simulation environment so as to understand the level of signal improvement that could be made, given that we have a better way of predicting atmospheric attenuation. The proposed IS consists of input block, first control block, second control block, and third control block that are controlled by a special module, DSS, as shown in Fig. 5 .
In the model, the DSS is constructed from specific classes of computerized algorithms that support satellite signal decisionmaking activities. It is designed to control signal propagation using an interactive software. It also provides data prediction, knowledge base, and periodic query to identify and to improve received satellite signals.
The DSS maintains QoS and Service Level Agreements (SLA). It utilizes system parameters like atmospheric attenuations, propagation angle, location, and antenna gain and adaptively adjusts signal power, transmission rate, coding, and modulation under different weather conditions in a way to honor desired level of QoS and SLA.
The proposed IS proficiently searches for different combinations of input control variables such as transmit power level, modulation schemes, channel coding, transmission rates, etc., to minimize attenuation effect and maximize channel efficiency by improving SNR using the technique presented in Fig. 5 . This improves QoS by providing enhanced results for atmospheric attenuations in lieu of a wide range of frequencies and RRs combined together. The periodically-computed attenuation will keep updating the knowledge input [15] [16] [17] .
IV. SIMULATION RESULTS AND DISCUSSIONS
The ability to predict RA at any location on earth for different RR values, propagation angle, and frequency is a key factor in implementing the IS.
The IS proficiently searches for implements a blend of available power, frequency, propagation angle, coding, and modulation in the presence of different channel attenuations. It also provides the control center with reasonable SNR values for possible satellite signal recovery. The input block compares estimated SNR, which is a function of signal parameters, such as frame size, frequency, propagation angle, signal transmit power, refresh duration, and atmospheric attenuation with the actual outcomes of SNR values of the system.
The first control block compares the differences between the estimated SNR and its threshold value set by the system's designers, which will lead to one of three different outcomes: The first outcome, for estimated SNR values smaller than the threshold level, in this case the DSS will decide to increase transmit power up to a maximum limit of −30 dB (0 dBm). The second outcome, when estimated SNR values equal or exceed the threshold level, the DSS will be satisfied and will jump to the last stage. The third outcome, for estimated SNR smaller than the threshold level even after increasing the transmit power to its maximum value; the DSS will decide to go to the next stage.
In the second control block, based on adjusted SNR value, the DSS will decide to adjust other parameters such as data rate, frequency, modulation, and coding values as revealed in Table III . If the threshold level value can be reached by using any of the different variable combinations, then the DSS will decide to move to the last stage for the final decision.
In the third control block, the DSS tries to improve SNR iteratively until a satisfactory value is reached. It modifies data rate, frame size, modulation, etc. in order to improve SNR during severe weather condition. Fig. 4 and Fig. 6 compare the outputs of SNR ranges before and after improvements respectively. These figures consider the case where SNR falls between (−32 ∼ −13) dB, for power transmits from (−100 ∼ −85) dB before improvement. The improved output SNR ranges from (10 ∼ 15.5) dB, transmit power from (−70 ∼ −55) dB , and total attenuation from (214.5 ∼ 218) dB for both computations. Take into account, the upper limit for transmit power is less than the maximum allowed of −30 dB. Once this value has been reached, signal parameters will be adjusted to prevent uncontrolled signal transmission as shown in Fig. 6 and Table III. The results shown are for Iqualuit station -Canada, by using Matlab simulations version 7.1 running on Intel Centrino Pentium M 1.6 GHz CPU, 512 MB RAM, where programs ITU-R data and estimate atmospheric attenuations and control prop- agation parameters to maintain best SNR possible for a given weather condition.
V. CONCLUSIONS AND FUTURE WORK
This work stemmed from the idea that an ability to predict channel attenuation due to atmospheric conditions can enable mitigation of channel fading condition by adaptively selecting appropriate propagation parameters. Especially at high frequency bands the relative effect of weather attenuation was so great that an efficient and dependable method for estimating RA was considered essential for designing efficient and intelligent control systems. This paper has presented a solution to this problem. Here we presented not only a new technique to calculate the RA for any location based on ITU-R database but also a scheme to bring noticeable improvements in the SNR on satellite communication channels. We do this by utilizing RA estimations and free space attenuation in the decision support algorithms. The ability to better estimate RA has resulted in a significant opportunity to channel modeling such that we are able to improve SNR by better tuning of parameters like transmit power, modulation, coding, propagation angle, frequency, and transmission rate. The ultimate benefit of this work would be in realizing tolerance/safety margins for SLA commitment by achieving optimal throughput and QoS under variant weather conditions.
Future work is in progress to consider the different impacts on QoS in the presence of other atmospheric conditions, as well as applying enhanced methodologies to improve satellite systems by considering other options. 
